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Introduction
The EU's transposition of Basel II into European law was done through the Capital Requirements Directive (CRD). Although the Directive establishes, in general, uniform rules to set capital requirements across European countries, there were some areas where the Directive allowed some heterogeneity. In particular, countries were asked to choose among different possibilities when transposing the Directive, which are called options and national discretions. Countries made use of this possibility and we observe that different choices were made, so that these options and national discretions (ND) were exercised. It can be expected that these different choices reflect different regulatory preferences and, therefore, if regulation is effective it can also be expected that these choices lead to different bank results.
The theoretical academic literature produces highly mixed predictions regarding the effects of capital regulation on asset risk and overall safety and soundness for the banking system as a whole, so that it mainly remains an empirical issue. However, regulators' expectation is that tighter capital requirements, if effective, should lead to higher capital and lower risk taking. The idea is that if banks hold sufficient capital, they internalize the adverse consequences of gambling and thus will choose to invest prudently. On the other hand, such tightness could lead to higher inefficiency, which could show in lower profits or higher costs, although evidence has been also gathered on the opposite effect [Berger (1995) ]. Moreover, a more risk sensitive capital framework, if effective, should result in lower risk and/or higher capital, with costs in terms of efficiency as well.
A fair amount of empirical work has already been done on the impact of banking regulation on banking system stability, while there is very little systematic empirical evidence on how regulation affects risk taking, capital and efficiency banking industry. This paper tries to address this gap. The large cross-country database on bank regulation and supervision that has been gathered in different waves by the IMF has allowed the analysis of the effects of the regulatory and supervisory arrangements on the development of the financial sector and on the stability and efficiency of the banking system [Barth et al. (2004 [Barth et al. ( , 2006 [Barth et al. ( and 2008 Demirgüç- Kunt et al. (2004) ]. Through the construction of regulatory indices, the works of Barth et al. found that more stringency in capital regulations does not seem to have a statistically significant effect on banking-system fragility, neither on bank development, nor on efficiency or costs.
The objective of our paper is to test whether this lack of effect holds when we consider more disaggregated information in relation to capital requirements, that is, at the level where many regulatory decisions are taken. In particular, we make use of the heterogeneity provided by the choice of national discretions in CRD to gather empirical evidence on the impact on European banks of more or less stringency and more or less risk sensitivity in capital requirements. We focus on the potential effects that these options and discretions may have on the risk, capital, costs and efficiency of individual banks.
By carrying out this analysis, we provide evidence on whether there is a trade-off between solvency and efficiency caused by more stringency or by more risk sensitivity in capital requirements. To do so, we assume that the choice of National Discretions made by Member States reflects not only the regulator's most preferred option, but also the regulation closest to the one that they already had in place before CRD was adopted.
In this sense, we are not aiming at testing the impact of the introduction of national discretions, but their role in banking results and activity. The analysis also allows us to provide an estimate of the impact of different choices as far as risk sensitivity and stringency in capital requirements is concerned and in particular in relation to the initial proposal made by the Committee of European Banking Supervisors (CEBS) in October 2008.
We follow the approach in Barth et al. (2004 Barth et al. ( , 2006 Barth et al. ( and 2008 , and construct indices of national discretions in bank capital regulation for all 27 EU countries and we test for their relevance on bank's risk, capital and efficiency. We study the impact for the whole sample of banks, including commercial, saving and cooperative banks.
The organisation of the paper is as follows. Section 2 reviews the literature concerning the effects of capital regulation on bank's risk, capital and efficiency. Section 3 describes the data and specifically the construction of the National Discretion indices while Section 4 focuses on the methodological framework. Section 5 presents the results and Section 6 records the simulations. Finally, section 7 summarizes and concludes. Annex 1 contains a description of the National Discretions, while Annex 2 provides the estimation for the efficiency variable and Annex 3 records the detaled tables with the estimation results for the capital, risk, cost and efficiency equations.
Literature review
Although there is extensive theoretical literature on bank capital, it is much scanter the one that takes into account the presence of financial regulation [see Van Hoose (2007) and Santos (2001) for a survey of theories of bank behaviour under capital regulation]. And this happens in spite of the fact that banking is undoubtedly one of the most regulated industries in the world, and the rules on bank capital are one of the most prominent aspects of such regulation.
Given that the regulatory requirement depends on the amount of loans granted, a link between bank capital and lending is established. There is a widespread agreement in the available theoretical literature that the immediate effects of constraining capital standards are likely to be a reduction in total lending and accompanying increases in market loan rates and substitution away from lending to holding alternative assets. 1 This literature produces highly mixed predictions, however, regarding the effects of prudential regulation on banks' risk-taking profile and on overall safety and soundness for the banking system as a whole [Dewatripont and Tirole (1994) ]. In particular, theoretical contributions do not agree on the impact of more risk sensitive capital requirements on portfolio choices and on efficiency. Although the effects of capital adequacy requirements are usually to decrease risk taking, the reverse is also possible [Kim and Santomero (1988) , Rochet (1992) , Besanko and Kanatas (1996) ].
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The impact of capital requirements on bank capital and credit risk depends on the extent to which such requirements are binding. Some of the empirical research carried out to determine whether this is the case seems to support the view that regulatory capital has an impact on the capital held by banks [Ediz et al. (1998) , Alfon et al. (2004) , Francis and Osborne (2009a) ]. In fact, the claim that, since most banks already hold capital quite well in excess of the regulatory minimum, any change in it will not have any effect on banks' capital is not supported by the results for the UK in the works of Alfon et al. (2004) and Francis and Osborne (2009a and 2009b) , the ones in Van Roy (2008) with data for six G-10 countries (Canada, France, Italy, Japan, the United Kingdom, and the United States) or the findings in Rime (2001) for Switzerland. As for risk-based capital ratios, they have been shown to lead to significant increases in capital ratios [Jacques et Nigro (1997) ] in relation to a non risk-sensitivity baseline. However, Ashcraft (2001) finds little evidence that capital regulation during the 1980s materially influenced bank capital ratios. In the same vein, Barrios and Blanco (2003) find that for Spanish banks, a market-based model better fits the data, indicating that the banks they considered were not at all constrained by capital regulation during the period of study.
Empirical evidence is provided for the irrelevance of stringency in capital regulation for bank development and stability [Barth et al. (2004 [Barth et al. ( , 2006 [Barth et al. ( and 2008 ], while more stringent capital regulations are negatively linked with nonperforming loans [Barth et al. (2008) ].
1. Jackson et al (1999) reach the same conclusion as far as empirical evidence is concerned. 2. For example, using the mean-variance framework, Kahane (1977) , Koehn and Santomero (1980) and Kim and Santomero (1988) have shown that increased regulatory capital standards may have the unintended effect of causing utility-maximizing banks to increase portfolio risk. The results in Furlong and Keeley (1989) and Keeley and Furlong (1990) suggest that increased capital standards will not cause banks to increase portfolio risk, because an increase in capital reduces the value of the deposit insurance put option.
However, the evidence on the impact of capital adequacy requirements on financial stability has been usually obtained under an event-based approach, which identifies crisis only when they are severe enough to trigger market events. In contrast, crises successfully contained by corrective policies are neglected, so that estimation suffers from selection bias [von Hagen and Ho (2007) ]. Using a Markov-switching regression model to deal with this bias, the results in Tchana Tchana (2008) show that capital adequacy requirements improve stability and reduce the expected duration of banking crises.
The possible distortions arising from regulatory capital pressure has been analysed in some papers. Editz et al. 1998 find no evidence that an increase in the minimum bank-specific capital ratio prevalent in the UK causes a bank to shift into less risky asset risk buckets. A similar result is obtained in Rime (2001) , where it is shown that regulatory pressure does not affect the level of risk in Swiss banks. On the other hand, González (2002) provides evidence that banks in countries with stricter regulation have a lower charter value, which increases their incentives to follow risky policies, a similar result to the one found by Shrieves and Dahl (1992) . The evidence gathered on the impact of risk sensitivity capital requirements on risk taking points at a negative relationship with data on the introduction of Basel I [Thakor (1996) ], which is also supported by the work of Jacques and Nigro (1997) .
As for the effects of regulation on performance and costs, the results in Demirgüç-Kunt et al. (2004) , indicate that tighter regulations on bank entry and on bank activities boost the cost of financial intermediation. In contrast, Berger (1995) finds that there is positive Granger-causation from capital to bank earnings, through lower interest rates paid on uninsured purchased funds, while Barth et al. (2006 and 2008) results dos not capture any effect, so that capital regulation does not impact on efficiency.
Therefore, the gathered empirical evidence produces rather mixed results as far as the effects of capital regulation on bank's behaviour. Our final data set consists of 2108 financial institutions from 27 countries for year 2007, which comprises 267 commercial banks, 379 saving banks and 1458 cooperatives.
Construction of National Discretion indices

MS have a choice of more than 150 national discretions and options in the Capital
Requirements Directive, which may be applied on the basis of national circumstances and which cover a rather wide scope of areas within the Directive.
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To carry out the empirical analysis, we picked up 53 of these national discretions for which we could clearly identify whether its adoption implied more or less stringency in regulation or more or less risk sensitive than the benchmark given by the Directive.
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We include a description of each ND in Annex I.
For each country, the CEBS' data reflects whether the discretion has been exercised or not (YES/NO answer) by each one of the EU countries. Thus, most of the national discretions can be specified as simple zero/one variables. In general, we assign a value of 1 when the answer reflects a more stringent regulatory treatment or when it implies a more risk sensitive approach 6 than the benchmark provided by the Directive. We group the responses provided by the MS into aggregate indexes that we define below.
We first group national discretions in two main categories, depending on whether they affect the stringency or the risk sensitivity of regulation. This aggregation allows us to analyse the impact of overall stringency (ST) and overall risk sensitivity (RS) on bank's risk, capital and efficiency.
Alternatively, we group ND in a more disaggregated form, defined in relation to the regulatory areas that they cover. Following CEBS, we distinguish the areas of own funds (OF), Following Barth et al. (2004) , we use two methods to construct the indices for regulatory stringency and risk sensitivity that incorporate the answers to several of the ND.
First, we simply add the individual zero/one answers, so that a higher value of the index implies higher stringency in the regulation of the area or higher risk sensitivity, if risk is the issue. The drawback of this method is that it gives equal weight to each of the components in constructing the index. The second method involves calculating the first principal component of the underlying ND, to obtain a principal component with mean zero and standard deviation one. The advantage over the simple aggregation is that no equal weights to the different ND are assumed. The disadvantage is that it does not allow assessing the impact of a change in a specific ND used for the construction of the index.
Using the equiponderated aggregation we observe (Graph 1) that no MS has chosen a combination of National Discretions that implies either most stringency (value of 41) or most risk sensitivity (value of 10). On the other hand, none has either chosen an overall combination of most lenient treatment or least risk sensitivity and only five of the twenty-seven MS present a stringency index whose value is over half the maximum and eleven whose value for risk sensitivity is above half the maximum value. We observe that MS that have joined the EU in recent years, with a few exceptions, tend to have chosen more stringent and more risk sensitive national discretions than former members.
7.
To measure its credit risk for regulatory purposes, the bank can use three approaches: the standardized approach, the foundation internal ratings based approach (IRB), and the advanced IRB approach: (i) the standardized approach uses only a predetermined risk weight for different types of loans; (ii) the model underlying the internal ratings based approach is the one-factor Gaussian copula model of time to default 8. The equiponderated indices for each country are recorded in Table A1 in Annex 1. 9 Based on the assumption that regulation is very persistent in time [Barth et al. (2006) ], so that it takes time for a country to change dramatically its regulatory system, we can also assume that countries exercised, for each national discretion, the option more similar to the regulation in force before 2007. National Discretions can, thus, be regarded as reflecting current practices in the countries that apply them, as their existence in the Directive is justified on the grounds that they try to accommodate different regulatory approaches. In that sense, the analysis we carry out is not about the impact of the new regulation but of the regulation itself.
The empirical analysis proposes testing whether bank risk, efficiency, costs and capital are affected by the characteristics of these national discretions, taking into account other features of the functioning of the countries. In particular, the following regression model is estimated to capture the impact of National Discretions on bank's risk, capital and efficiency:
Where n indexes country n, and j indexes bank j.
Moreover, Yjn is either RISKjn , the observed value of the measure of risk chosen for the jth bank operating in country n, or CAPITALjn , the amount of capital that a bank holds, or
INEFFICIENCYjn , the observed value of the measure of inefficiency for the jth bank in country n; NDn is the vector of National Discretions; COUNTRYn is a vector of country specific variables, CONTROLjn is the vector of control variables that are bank specific and that differ depending on the variable that is being explained; α, β, γ, λ are the regression coefficients and εjn is the disturbance term. Our focus of attention will be the sign and statistical significance of the β coefficients. If β has a statistically significant negative sign in the risk equation and/or a positive sign in the capital equation, we can say that the corresponding ND has a positive impact on solvency. Moreover, if β has a statistically significant positive sign in the inefficiency equation, we can say that the corresponding ND has a negative impact on efficiency.
Following Altunbas et al. (2007) we specify a system of equations and estimate these using Zellner's Seemingly Unrelated Regression (SUR) approach. This allows for considering the possibility of correlated errors between the equations as we are using the same accounting data in all of them, while controlling for relevant variables, whether country or bank-specific.
The dependent variables
We proxy INEFFICIENCY with two variables:
9. The only exceptions were Malta, Spain and Greece, which transposed the directive a year later.
ACjn: Average costs obtained as the ratio of total costs (overhead costs + interest expenses) divided by total assets.
INEFTjn: cost inefficiency measure. It is obtained as the distance of a firm's observed operating costs to the minimum or "best practice" efficient cost frontier. It is derived from the estimation of a stochastic cost frontier using a translog specification, whose details can be found in Annex 2.
As for RISK, we proxy it with:
LOLPTAjn: Loan loss provisions over total assets. 10 It is derived from accounting information so that it has the limitations inherent to such kind of data, of being backward looking. Higher levels of provisions are suggestive of greater banking risk.
And for CAPITAL we use:
ETAjn: the ratio of book value of equity to total assets, where equity includes preferred shares and common equity.
The control variables
As it is crucial to use a variety of control variables and sensitivity checks to mitigate problems while interpreting the findings, we propose including the following:
Bank size. As a measure of size we use the natural log of total assets for bank j in country n (SIZEjn). As pointed out by McAllister and McManus (1993) , larger banks have better risk diversification opportunities and thus lower cost of funding than smaller ones.
On the other hand, the "too-big-to-fail" argument suggests that larger banks would benefit from an implicit guarantee that, other things equal, decreases their cost of funding and allows them to invest in riskier assets. Previous empirical evidence on this issue produced ambiguous results. We also include bank size squared (SIZE2jn) to capture any non linearity in the relationship.
Fee income. As a measure of banks' different product mixes we include the variable
FEESjn that equals non-interest-operating income divided by total assets. Since banks engage in different non-lending activities, these other activities may influence the pricing of loan products due to cross-subsidization of bank products. Thus, we include fee income to control cross-bank differences in the products offered by banks.
Bank liquidity. The bank liquidity is proxied with the ratio of liquid assets to costumer and short term deposits for bank j in country n (LIQUIDjn). We could expect that banks with a high level of liquid assets will receive lower interest income than banks with less liquid assets.
Moreover, although it need not reflect a more efficient asset allocation, liquidity could affect efficiency.
Bank loans. We use the change in total net loans to total assets as the measure of bank's lending activity (TNLTAjn). Loans might be more profitable than other types of assets such as securities. Loans might be more costly to produce than other types of assets.
10.
A similar measure (with reserves) is used by Altunbas et al. (2007) .
Moreover, we can expect that the more loans a bank makes to the retail or the corporate sector, the higher the risk tolerance of bank managers.
Shadow banking. We include a proxy for shadow banking as we can expect that its size can affect the capacity of the regulatory framework to impact the banks performance and results. We proxy it with the ratio of off balance sheet items divided by off balance sheet items + total assets, as it reflects the weight of off-balance sheet items in a bank (OFFBALRjn).
Return on assets.
In the capital equation we also include a proxy of bank profits (ROAAjn), which is the computed return on average assets that is available in the Bankscope dataset.
The country variables
We control for the following country variables:
COIRC : Cost-to-income ratio (% of total income) to control for banking efficiency OEPOAC: Total expenses (% of total assets), which should account for production costs in the banking system.
GDP: The national GDP growth rate, which should account for the impact of the economic cycle on bank performance.
HERFINDAHL. It is the Herfindahl index that should cover for the competitiveness of the national markets.
DIP: It is the index Deposit Insurer Power from Barth et al. (2004 and 2008) . It ranges from 1 to 3 with higher values indicating more power.
The National Discretions variables
The National Discretions variables are included in the regression and their relevance tested for different specifications. In particular, for the ND grouped depending on their stringency and risk sensitivity, we run a regression with the aggregate index and a regression for each one of the different areas of regulation. We could expect that more stringency, which would be associated with higher values for the indices, would result in lower risk and higher capital, as a proxy for higher solvency while negatively affecting efficiency and increasing costs.
It could be argued that the choice by a country of more stringency or more risk sensitivity in regulation results from the efficiency and solvency of their banking system.
The possibility of such inverse causation needs therefore to be addressed.
Because of lack of a time series, we test for it with the calculation of the simple correlations between each one of the ND indices for risk sensitivity or stringency and the variables that we are analysing (risk, capital, efficiency and costs). We also carry out the estimation of a univariate regression where each one of the indices is explained only by each one of the variables, at the country level. As the results in Table 2 show, the correlations are very low (part A) and the coefficients are only statistically significant for the variable of capital in the case of stringency and the ND on scope and for the variable of efficiency in the case of the ND on scope if AC is used (part B). Table 2 (2) Coefficient β in the regression of ND= α+β*Y, where y is either banks' risk, capital, efficiency or cost averaged by country (1) Simple correlation by country
DEPENDENCY BETWEEN ND VARIABLES AND BANKS' RISK, CAPITAL , EFFICIENCY AND COSTS
B. Univariate regressions of ND on Banks' Risk, Capital, Efficiency and Costs
A. Simple correlations (1) We interpret both the low correlations and the lack of statistical significance as a sign of no causation, so that banks' risk, capital and efficiency do not determine the level of stringency and risk sensitivity chosen by MS.
We apply a filter to detect and remove outliers for the control variables (roughly corresponding to the 1 st and 99 th percentiles of the distribution of the respective variable, distinguishing among banks, saving and cooperatives).
11. The main differences in relation to the equiponderated indices arise in relation to the OR area, where the sign differs. In particular, under the simple index the relation is positive with LOLPTA and INEFT. It is also the case that LOLPTA is statistically significant for CRSA, and RS for AC. Results
Aggregate results
The information in Table 3 presents the qualitative results obtained through the estimation of the system of equations in [1] , when we have included in the specification, both jointly and individually the two aggregate ND indices that distinguish between risk sensitivity (RS) and stringency (ST). The Table summarises whether more solvency is obtained, through either higher capital or lower risk or both and whether higher inefficiency or higher costs or both accompany more stringency and more risk sensitivity. It also reflects whether these results
show evidence of a trade-off between solvency and efficiency.
We find no evidence of a trade-off for overall stringency while we do for overall risk sensitivity. In particular, we find evidence that more stringency results in higher solvency, but cannot find evidence that it is also associated with higher inefficiency. On the other hand, overall higher risk sensitivity in capital requirements is associated with higher solvency but also with higher inefficiency, thus resulting in a trade-off between solvency and efficiency. As for the undesired effects on efficiency, we find that while higher inefficiency also results from higher risk sensitivity, higher stringency is associated with lower costs, a result that is be consistent with Berger's findings.
SOLVENCY
Table 3 TRADE-OFF BETWEEN SOLVENCY AND EFFICIENCY IN CAPITAL REQUIREMENTS. INDIVIDUAL AND JOINT RESULTS OF AGGREGATE STRINGENCY AND RISK
Therefore, more general regulatory stringency in capital requirements seems to result in a positive effect on financial stability as it is associated with lower risk. Moreover, more stringency results in lower costs, a finding that could be explained by markets' positively valuing stringency and thus generating lower funding costs.
We also find that risk sensitivity in the choice of ND for capital requirements has a positive impact on stability, both through its positive impact on capital and through its negative one on risk. But this benefit is counterbalanced by its negative impact on efficiency and on higher costs, so that for risk sensitivity we observe a trade-off between solvency and efficiency.
Disaggregated results by areas of discretion
The aggregate indices can be regarded as reflecting the general approach to capital regulation that the supervisors have. We could think that there may be some heterogeneity in the effects that the different areas of discretion can have on solvency and efficiency, not only because their incidence may be heterogeneous, but also because their impact may differ.
It could be the case that in spite of the fact that regulators have chosen the more stringent option, there are but few institutions under their jurisdiction that are directly affected by the measure. On the other hand, areas such as own funds may have a more widespread incidence, than other areas where the relationship with capital or risk may be more indirect.
Moreover, it could be the case that the isolated effects of a specific area of capital regulation differ from the rest because of its interaction with other regulatory aspects.
The analysis of the impact of each one of the different areas of national discretion is carried out using two approaches. Under the first one, we only include one ND index at a time in the specification, so that we try to capture its impact independently from the rest of the measures, so as to obtain the individual effect. In fact, such approach is the one that underlines the way policy makers usually carry out the analysis of the effects of each measure. In general, when a policy decision needs to be reached, it is usually the case that only the effects that could be expected from the specific proposal that the policymakers are analysing are considered, as if the decisions were taken in isolation with respect to the rest of the measures. In general, the task forces or working groups that are being created to discuss policy decisions look at each area of regulation in isolation.
Under the second approach, we try to overcome the limitations of the isolated approach by jointly including in the specification to be estimated all the different areas of national discretion and then testing for their individual relevance. This approach allows us to capture the interactions that could exist among them.
We first present the summary results obtained from the individual estimates in relation to the existence of a trade-off between efficiency and stability in the choice of ND (Table 5) , before analysing the detailed individual results ( Table 6 ) that give rise to the summary that is recorded in the previous Table. We finalise this section presenting this same results when the joint estimates are considered (Tables 7 and 8 ).
INDIVIDUAL EFFECTS BY AREAS OF DISCRETION
As recorded in Table 5 , we find evidence that for all areas of ND, except the risk sensitivity component of the Counterparty Risk, the regulators' expected positive relationship between solvency and stringency or risk sensitivity holds. However, we cannot unambiguously establish the sign of this relationship in the areas of own funds and the stringency component of Counterparty Risk.
As for the effect on efficiency of having more stringency in particular areas of ND, we observe mixed results. In particular, we obtain that in three areas of ND (Scope, 
INDIVIDUAL RESULTS
The detailed results in Table 6 show that in all the areas of ND where we have found evidence of a positive relationship between stringency and solvency, this is so by either a positive impact on capital (Own Funds, IRB and Counterparty Risk) and/or a negative on risk (Scope, Standard Approach, IRB and Operational). However, in the areas of Own Funds and Counterparty Risk we also obtain a positive impact on risk, under the specification that uses technical inefficiency, thus raising some ambiguity as far as the final relationship is concerned, as it will depend on the relative impact on capital and risk of stringency in these areas. As for the impact of having more risk sensitivity capital regulation, we find that it increases stability when it is channelled through the ND of both the Standard and the IRB approach, through its positive impact on capital (Standard and IRB) and negative on risk (IRB). However, it has the undesired effect of raising risk when it is channelled through the Counterparty Risk.
The effects on efficiency are more mixed up. As for stringency, we obtain contradictory results for the areas of Own Funds and IRB, depending on which variable is chosen to capture inefficiencies: we get a positive relationship with technical inefficiency, but a negative one with cost. Only in the areas of the Stringency component of Counterparty Risk and operational Risk the evidence points clearly at a positive impact on inefficiency.
Moreover, in the areas of Scope and the stringency component of the Standard Approach we cannot find a positive relationship with inefficiency: in the latter case, because there is no statistically significant relationship and in the area of Scope as more stringency is associated with lower costs.
Finally, more risk sensitivity in the areas of the Standard Approach and the IRB approach result in higher inefficiency, a result that does not hold in the area of Counterparty Risk. 
RISK CAPITAL
ND Index
IMPACT OF STRINGENCY AND RISK SENSITIVITY IN AREAS OF NATIONAL DISCRETION ON RISK, CAPITAL, EFFICIENCY AND COSTS. INDIVIDUAL RESULTS
INEFFICIENCY
JOINT EFFECTS BY AREAS OF DISCRETION
The analysis carried out so far considers the effect of each one of the different areas of capital standards regulation in isolation, as if the other measures were not in place. It can provide us a guide to what we can expect if only this regulatory area is implemented.
In order to take into account the possibility that decisions are jointly made in different areas and that some interaction takes place, we estimate the set of equations in (1) including as explanatory variables all the ND indices.
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The comparison of the results summarised in Table 7 and detailed in Table 8 with the ones just presented in Tables 3 and 4 shows that as far as the areas of risk sensitivity are concerned, the same relationships that we have captured hold under the joint analysis.
That is, more risk sensitivity in capital requirements results in a trade-off between solvency and efficiency except in the area of counterparty risk.
On the other hand, in the ND areas that reflect stringency, the results we obtained when we considered the effects in isolation do not always hold when the joint analysis is carried out. In particular, we observe a trade-off between solvency and efficiency in the areas of Scope and the Standard Approach that we had not been observed when the effects were analysed in isolation, while we do not observe such a trade-off for IRB and Operational Risk.
12. See Table A .4 in Appendix 3.
When we consider the joint effects of all ND we still obtain in most cases that stringency is positively associated with solvency, the exceptions being Own Funds and 
Table 7 TRADE-OFF BETWEEN SOLVENCY AND EFFICIENCY IN CAPITAL REQUIREMENTS. JOINT RESULTS
The more detailed results recorded in Table 8 show that we obtain that more stringency in Own funds and in Operational Risk does not result in higher solvency, as either capital is lower (Own Funds) or risk is higher (Own Funds and Operational Risk). For the rest of the areas, the positive relation between stringency and solvency shows through higher capital, when under the individual approach it was mainly showing in lower risk. In the case of the Standard Approach it is reinforced by its negative relation to risk.
We also find that in the areas where stringency is the issue, there is a negative relationship with inefficiency only in the areas of Scope and the Standard Approach. For these areas be observe that higher stringency is associated with higher technical inefficiency, a result that we did not get under the isolated analysis. In the area of the Standard Approach it also shows in higher costs. There is no other area were we observe a positive relationship between stringency and costs, as either it is not statistically significant (Scope) or it is negative (Own Funds, IRB, Counterparty Risk and Operational Risk). 
RISK CAPITAL
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Table 8 IMPACT OF STRINGENCY AND RISK SENSITIVITY IN AREAS OF NATIONAL DISCRETION ON RISK, CAPITAL, EFFICIENCY AND COSTS. JOINT RESULTS
INEFFICIENCY
Simulation of different choices
We use the results that we have obtained in order to quantify the effect that different choices of stringency and risk sensitivity in capital regulation would have implied on risk, capital and efficiency, under a ceteris paribus assumption. In particular, we propose analysing the impact on these factors of choosing for all MS the most stringent possible combination of National Discretions (ST_MAX), the least stringent one (ST_MIN), the most risk sensitive one (RS_MAX) and the least sensitive one (RS_MIN). With the analysis that we have carried out we cannot estimate the impact of changing the rules chosen in each country, but we can simulate the implicit effect under the estimates we have obtained.
We also present the results obtained under the option chosen by CEBS in its
October 2008 advice (ST_CEBS). In particular, CEBS proposed to keep as an option or national discretion 28% of the 152 provisions covered in its analysis. 13 It must be reminded that the choice made by CEBS implied changes only in ND that we have gathered under the stringency index, but it did not propose changing the treatment given to any of the discretions that we have grouped under the risk sensitivity index, so that the impact that we can capture for CEBS choice is channelled only through the effects of more or less stringency on risk, capital and costs.
We present in Table 9 the quantitative results that we obtain from the estimation of the model that had AC as the efficiency measure and when the equiponderated indices were used 14 (Table A5 in Appendix 3). We apply the coefficients that we have estimated to the difference between the observed index and the corresponding index that we would obtain if the choice of ND had been each one of the combinations above mentioned.
When the coefficient is not statistically significant, we assume the effect to be nil. The values on the Table reflect the changes in the mean risk, capital and cost variable that each choice would imply in each country.
13. In particular, following the Call for Advice CEBS classified the options and national discretions into three categories: i) options and discretions that might be subject to mutual recognition; ii) possible legitimate options and discretions; and iii) options and discretions which should be deleted. We can only take into consideration ii) and iii Tables A3 to A5 . Under CEBS, MAX_ST, MIN_ST it is recorded the change in the variables under the CEBS, the maximum and minimum stringency option, respectively. Under MAX_RS and MIN_RS it is recorded the change in the variables under the maximum and minimum risk sensitivity option, respectively. 
SIMULATION OF IMPACT ON AVERAGE RISK , CAPITAL AND COSTS OF DIFFERENT PROPOSALS ON THE LEVEL OF STRINGENCY AND RIST SENSITIVITY BY COUNTRY (1)
The results presented in Table 9 show that the CEBS option does have rather large effects on the risk ratio in most countries [col. (1)], especially if we compare them with the effects on average costs [col. (8)]. We might get both rises and declines in risk depending on whether the country reduces its stringency under the option proposed by CEBS (a rise in risk) or increases it (a decline in risk). In fact, the largest impacts are obtained in reductions in risk, implying that CEBS proposal implies larger movements towards more stringency, rather than making countries less stringent. From our calculations, the risk ratio could increase at most 6% in some countries while the reductions could reach as far as nearly 5 times the initial ratio. On the other hand, from our calculations the impact of CEBS proposal on costs also shows both signs [col. (8) ], which depend on the country. It is the case that if the adoption of the CEBS proposal implies an increase in stringency in a given country, we can expect to see reductions in costs. By the same token, for those countries where stringency will be reduced, we can expect to observe increases in cost. Our estimates show that we can expect increases of at most 1% and declines of at most 2% on average costs, resulting from CEBS option. 15 Finally, because of lack of statistical significance of the coefficient, we assume that we cannot observe any effect on capital.
The choice of maximum (minimum) stringency would result in much higher effects on the average country risk and costs in absolute terms than the ones we would obtain under the CEBS option, but they would always have the same negative (positive) sign in all countries.
In absolute terms, moving towards maximum stringency would result in higher changes in risk than moving towards minimum stringency in most countries, the exceptions being Bulgaria, Denmark, Lithuania, Poland and Slovakia. The contrary would be the case when comparing maximum and minimum risk sensitivity, as the move towards the minimum would imply the largest changes in most countries, with the exceptions of Austria, Germany and Poland. We also find that changing to maximum stringency has in absolute values higher impact than changing towards minimum risk sensitivity in most countries.
15.
We need to establish the equivalence between a unit of risk over total assets and one unit of costs over total assets in order to determine whether CEBS option, or any policy option produces a net benefit.
The effects in absolute values on the capital ratio of choosing a maximum risk sensitivity capital framework are lower than the ones we would obtain from moving towards a minimum risk sensitivity regulation in terms of ND. That is, in most countries, the choice of the least risk sensitive combination of ND would result in declines in capital that would be much larger than the corresponding increases that would be produced if the choice of maximum risk sensitivity would be taken.
Finally, the increase in costs resulting from the minimum stringency option would be in absolute values lower than the decline in average costs as a result of a maximum stringency choice in most countries. As with risk, the contrary would happen when the choice is made between maximum and minimum risk sensitivity, as in this case, the decline in costs from choosing minimum risk sensitivity would be larger than the increase if the contrary option were chosen.
Summary and conclusions
This paper carries out an empirical analysis of the effects on financial institutions of the choice of more or less stringency and more or less risk sensitivity in capital requirements, using the so-called national discretions and options (ND) that figure out in the Capital Requirements
Directive. In particular, after controlling for individual firm characteristics, and country specific aspects, we test for systematic impact of different groups of National Discretions on the risk, capital, efficiency and costs of banks using individual data for financial institutions operating in 2007 in the 27 European Union countries, by means of the estimation by SURE of a system of equations. To do so, we have built for each country, different indices that group together the ND, and whose value is positively associated with stringency or risk sensitivity. The first group is composed of two aggregate indices that reflect either the stringency or the risk sensitivity in the choice of discretions, and which are assumed to reflect overall stringency and overall risk sensitivity in capital regulation. The second group is composed of nine indices that group together discretions that deal with a specific area of capital requirements regulation and whose value is also positively associated with stringency or risk sensitivity. Such disaggregation allows us to test whether different areas of regulation have different impact on financial institutions.
Our results show that more stringency and more risk sensitivity in capital requirements usually have the desired impact on solvency. That is, in general, more stringency or more risk sensitivity in regulation results in financial institutions having either lower risk and /or higher capital. Such relationship is obtained both when the overall stringency and risk sensitivity and the specific areas of the regulatory capital framework are considered. However, in the case of ND dealing with Own Funds and Counterparty Risk, we also find evidence that more stringency could be associated with more risk taking, as well.
The fact that we cannot take into account the quality of capital may be one of the factors explaining this result.
We also found that, in general there is no trade off between stringency and efficiency. The areas of Operational Risk and IRB may be the exception, when taken in isolation, while the areas of Scope and the Standard Approach show that relationship when the effects of all the ND are jointly analysed. In all these cases we gathered evidence of a positive relationship with inefficiency. The ambiguity as regards the effect on solvency in the areas of Own Funds and Counterparty Risk does not allow us to conclude that for these areas there is a trade-off.
In the case of more risk sensitivity in capital standards we find evidence of a trade-off, so that by choosing more risk sensitivity ND we can expect higher solvency, but also higher inefficiencies and/or costs. The exception is again in the area of Counterparty Risk where we not only could not find a positive impact on solvency, but also found a positive impact on efficiency.
This study also provides empirical evidence of the limitations inherent in an isolated analysis of the impact of different measures, which are, in fact, jointly adopted.
While in the areas of risk sensitivity the overall effects under the joint consideration do not differ from the ones obtained under the individual approach, different results are obtained in some of the areas of stringency. In particular, we obtain the same positive impact on solvency through higher capital or lower risk in all areas of ND except in Own Funds and Operational Risk. In the case of Own Funds, we already observed higher risk under the individual approach, but not for Operational Risk. The effects on efficiency are the ones that vary most between the two approaches. While we observed a trade-off in IRB and
Operational Risk under the individual approach, under the joint consideration the trade-off is captured for the areas of Scope and the Standard Approach.
From the estimated coefficients, we have computed the expected effects of different levels of stringency and risk sensitivity in capital requirements that could be channelled through the choice of National Discretions. Our results show that in absolute terms, moving towards maximum stringency would result in higher changes in risk than moving towards minimum stringency in most countries, while the contrary would be the case when comparing maximum and minimum risk sensitivity, as the move towards the minimum would imply the largest changes in most countries. The effects in absolute values on the capital ratio or on the cost ratio of choosing highest risk sensitivity are lower than the ones we would obtain from moving towards a minimum risk sensitivity regulation in terms of ND.
Finally, the increase in costs resulting from the minimum stringency option would be lower in absolute values in most countries than the decline in average costs as a result of a maximum stringency choice.
These results have some relevant policy implications. On the one hand, we can conclude that even small variations in capital standards policy, such as the ones embedded in ND, have effects on firms. However, whenever a measure is taken jointly with other measures, the whole package needs to be taken into consideration when analysing the effects. While individual considerations may show the desired effects, when they are jointly taken, they may generate counterbalancing reactions that may result in no benefits or excessively high costs.
In particular, we found that more stringency in the areas of Own Funds and Counterparty Risk may have the undesired effects of raising risk and reducing capital (OF). Finally, there is always a need to consider the trade-off between efficiency and solvency that we have shown that may arise whenever risk sensitivity is increased in the regulatory framework or when we increase stringency in specific areas of the capital requirements.
ANNEX 1. Description of national discretion indices
We present in this Annex a description of what each individual and National Discretion group involves. Those individual ND that are preceded by (*) have been included as a component of the aggregate risk sensitivity index. We also state whether we consider that the adoption of the ND by the MS implies more stringency/more risk sensitivity (Y=1) or less stringency/less risk sensitivity (Y=0). We assign a value of 1 if the choice made by the MS implies either more stringency or more risk sensitivity.
OF: Own funds
Our own funds index is formed, mainly, with discretions that allow flexibility to Member States (MS) in the inclusion of items to be counted or deducted from own funds. Increasing the number of items that can be considered as own funds allows for larger values in the numerator of the solvency ratio, and thus in the solvency ratio of the regulated entity as well.
Higher values imply higher stringency (less items allowed to be counted as or more items to be deducted from own funds). In particular, the discretions are defined as: a) MS may permit the inclusion of interim profits before a formal decision has been taken on the accounts, subject to conditions (Y=0).
b) Shares in another credit institution, financial institution, insurance or reinsurance undertaking may not be deducted if held temporarily for the purposes of a financial assistance operation designed to reorganise and save the entity (Y=0). 
S: Scope of application
The scope of application index groups together those discretions that allow for a reduction in the regulatory burden on banking groups, by partially waiving the prudential requirements 
CRSA: Credit risk Standard Approach
The credit risk standard approach index contains discretions affecting the computation of capital requirements for credit risk for those entities following the Standard Approach. g) A risk weight of 100% may be assigned on past due exposures which are fully secured by non eligible collateral when value adjustments reach 15% of the exposure gross of the value adjustments, if strict operational criteria exist to ensure the good quality of collateral.
(Y=0).
h) The applicable risk weight on past due exposures secured by mortgages on residential property net of value adjustments may be reduced to 50%, if value adjustments are no less than 20% of the exposure amount gross of the value adjustments. (Y=0).
i) The CA have the discretion to assign a risk weight of 150% on exposures associated with particularly high risks. (Y=1).
j) The risk weight on non past due exposures receiving a 150% risk weight may be reduced (Y=0).
CRB: Credit risk IRB
The discretions affecting the computation of capital requirements for those entities following the IRB approach can be divided into two categories. First, there are discretions that allow the national regulator to be more or less stringent in terms of capital requirements 
CRD: Counterparty risk
The discretions that are grouped under this heading refer to the calculations of the exposure value of certain contracts, that either imply more risk sensitivity or more stringency. 
OR: Operational Risk
These discretions cover mainly the approaches that firms may use to calculate their operational risk, or the indicator that they may use for the determination of capital requirements for this risk.
a) The CA may allow institutions to use a combination of approaches. (Y=0).
b) The CA may under certain conditions authorise institutions to use an alternative indicator to calculate its capital requirements. (Y=0).
c) The CA may allow the qualifying criteria set out to be met by the parent and its subsidiaries considered together. (Y=0). 
RS
ANNEX 2. Estimation of bank inefficiency
We follow most recent studies that derive bank's cost inefficiency from stochastic cost frontier estimates.
For the definition and measurement of output we follow the intermediation approach as in Maudos et al. (2002) , considering balance-sheet items as good indicators of output.
The following three outputs are used from Bankscope profit and loss account data: We estimate a translog frontier cost function by types of firms, distinguishing among commercial, saving and cooperatives and include country dummy variables except for the specification corresponding to commercial banks.
In particular, the specification we estimate is the following: 
Where ln records natural logarithm and TC is total costs, proxied as the sum of overhead costs + interest expense. The restrictions of symmetry and linear homogeneity have been imposed on input prices.
We assume an exponential distribution to model the efficiency variable u. 16 The characteristics of such distribution are that the probability is highest near the zero values of u 16. The density function of an exponential distribution variable ui is f(ui) = 1/η exp (-ui/η), ui >=0 where the mean and the standard deviation of ui are both equal to η >0. which means that the probability of firms being close to full efficiency is the highest.
It is appropriate for a competitive market such as the banking system in Europe. If firms are homogeneous it is expected that there will be fewer firms that are highly inefficient. On the other hand, if firms are heterogeneous, one might find some firms that are highly inefficient thereby meaning that the tail of the distribution is long. It would be indicated by a large value for the variance parameter. The results are presented in Table A THAKOR, A. V. (1996) . "Capital requirements, monetary policy and aggregate bank lending: theory and empirical evidence", Journal of Finance, 51, No. 1, pp. 279-324. VANHOOSE, D. (2007 
